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Recent Advances in Biological W eapons D etection
A bstract
The events at the end o f 2001 have made the threat from biological weapons a critical issue and a
m atter for public concern and safety. The detection and identification o f a biological weapon with a
portable device in a rapid and sensitive manner could mean the difference between a localized outbreak or
an epidemic or even a pandemic. A review o f recent technological articles was conducted for an
overview o f advances in the field o f biological weapon detection. Three main branches o f research were
covered: methods detecting DNA/RNA, antibody based methods, and cell or tissue based methods.
M ost o f the researched m ethods show promise, and w ith increased attention to the issue possibly
followed by increased funding, many o f the devices can be further investigated o r even become
commercially available.

✓
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RECENT ADVANCES IN BIOLOGICAL WEAPON DETECTION
Introduction:

Biological warfare threats have been a concern for many years, especially after some o f the
military actions in the early 1990's. Recent events however have made biological weapons a critical issue
and a m atter for public concern and safety. Bacteria, viruses, and toxins that are released on purpose to
cause injury or disease are classified as biological weapons (Aston, 2001).
Anthrax, which was the agent used in recent events, is not contagious from person to person. I f another
agent such as smallpox or plague had been used, the disease would have spread widely before the
symptoms o f sick patients brought the disease to the attention o f officials. The development o f last,
sensitive, and portable detection devices is crucial to public and military safety.
Current methods o f detection and identification o f microbes and viruses consist o f large non
portable equipment, require a number o f trained personnel, and can sometimes take days for results.
Traditionally, toxins have been identified using gas chromatography-mass spectrom etry. This method o f
identification o f toxins is precise, sensitive, and can be rapid but requires extensive purification o f the
samples prior to testing (Iqbal et al, 2000).

Many technologies are being developed to provide fester,

more portable and reliable instrum entation that can identify organisms and their concentrations. These
technologies fall into three classes: detection o f DNA/RNA, detection o f organisms using antibodies, and
detection o f organisms o f toxins w ith cell or tissue based systems.
There are existing DNA and antibody based detectors, but they are limited in the number o f organisms
that they can identify (Talbot, 2001). Cell and tissue based systems must overcome issues o f nourishing
the live cells/tissues and other difficulties in just keeping them alive.

4

Recent Advances in Biological W eapons D etection
M ethods Detecting DNA/RNA:
One o f the crucial steps in the advancement o f detection and identification o f bacteria and viruses
was the development o f polymerase chain reaction (PCR) technology (Iqbal et al, 2000). A sample
collected in the field may only have a small population o f the biological weapon agent. PCR allows
replication o f the agents’ DNA or a portion o f the DNA to provide a larger sample for the identification
process. The first step in PCR is splitting the double stranded DNA in tw o by heating the sample to 95
degrees Celsius. The tem perature is then lowered and nucleotides in the sample solution will synthesize a
new strand o f DNA across each o f the original strands (Aston, 2001). The heating and cooling steps are
repeated w ith each cycle producing more copies. The new strands are mixed w ith fluorescent probes
that consist o f gene sequences that complement the DNA o f a specific microorganism. I f DNA from that
microorganism is present it will bind w ith the fluorescent probe and can be detected, usually with
ultraviolet light.
PCR requires a number o f reagents and a lot o f pow er because o f the heating/cooling cycles
(Casagrande, 2002).

One very active field o f development is to integrate the processes o f sample

collection and preparation, and DNA amplification and detection on a "Lab on a Chip " device (W ang,
2000).

The m iniaturization o f the instrum entation needed to complete these processes onto a self-

contained microchip would be beneficial. Reduction o f energy usage and the amount o f reagents needed,
and most importantly an increase in speed and efficiency would be among the advantages (W ang, 2000).
Cepheid, o f Sunnydale, California, is developing the Gene X pert system.

In this system, the

sample is concentrated and then the cells or microorganisms are lysed to extract the DNA. Primers or
"small strips o f genetic material able to recognize specific short sequences o f DNA" will attach to the
ends o f the DNA sequence to be amplified ( Casagrande, 2002). The prim ers are specific for each
microorganism o f concern. Next, PCR is perform ed with small thin-film heaters reducing the cycle time
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to 25 seconds. GeneXpert has multiple chambers for PCR , each with a different prim er, so that many
microorganisms can be detected at once. The scaling down o f reagents and reduction o f the cycling time
allowed Cepheid to develop this device as a battery operated, portable unit that can produce results from
a field sample in as little as half an hour.
Researchers at Lawrence Livermore N ational Laboratory (LLNL) believe that nucleic acid
analysis would provide information about a biological weapons virulence, its epidemiology, and

its

antibiotic resistance (Belgrader, 1999). The research o f Belgrader et al centered around the development
o f a device that uses real time PCR and a spectrofluorom etric therm al cycler. Regular thermal cyclers are
large, heavy, slow, and consume a lot o f power. The researchers at LLNL produced the Advanced
Nucleic Acid Analyzer (ANAA) specifically for use in the field. It has low pow er usage, software usable
by emergency medical personnel, no moving optical parts, and plastic sample tubes w ith caps ( Belgrader
et al, 1999). PCR was accomplished w ith an assay called TaqM an which is a homogenous PCR test
using a fluorescence resonance energy transfer probe. The probe has an orange "quencher" dye at the 3’
end and a green fluorescent "reporter" dye at the 5' end. This probe will attach to a complementary
strand o f DNA during the amplification process and during the extension o f one o f the primers the Taq
polymerase will cleave the probe ( Belgrader et al, 1999). Once the dyes are displaced and separated, the
green "reporter" dye isn't suppressed by the "quencher" dye and will fluoresce, and the intensity o f the
fluorescence will reflect the amount o f DNA in the sample. Belgrader et al tested the limits o f their real
time PCR using Erwinia herbicola a non-pathogenic microorganism that resembles Yersinia pestis (the
plague). A 17 second cycle was used to test solutions containing 500, 50, and 5 microbes. The solution
containing 500 microbes produced a strong positive result in only 7 minutes.

The diluted solutions

required a few more cycles and took 8 and 9 minutes respectively.
Several groups have been improving on the m iniaturization o f the reaction chambers for PCR. M.
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N orthrup from Cepheid and B. Benett et al from LLNL worked together to develop
micromachined reaction chamber w ith thin-film heaters integrated onto the chamber.

a silicon
The silicon

materials have a desirable therm al conductivity range which allow for low er pow er usage, high ramp
speed, and therm al isolation (N orthrup, 1998). N agai et al also used silicon microchambers for PCR, but
instead o f having the heater on the chip the chip was repeatedly moved over hot plates o f different
tem peratures to complete the amplification. The microchambers used here were measured in picoliters
instead o f m icroliters which allowed for an extremely quick heating/cooling rate o f 16° C per second
(Nagai et al, 2001).
There has also been research into better preparation o f samples prior to PCR, particularly when
bacterial spores such as anthrax are suspected. Belgrader et al developed a portable instrument that
combined a m icrosonicator w ith real-time PCR.

The device w as tested using Bacillus subtilis as a

surrogate for Bacillus anthracis. Normally, one hour o f sonication is necessary to lyse Bacillus spores,
but Belgrader et al reduced this time greatly w ith the addition o f glass beads to the sonication treatm ent.
The polystyrene tube used had thin walls, small volume, and a large surface area needed to propagate the
acoustic waves (Belgrader et al, 1999). The tube was then pressed flat against the sonicator probe for
fester lysis. A time o f 30 seconds was found to provide ample lysed spores for PCR. The microsonicator
device was then integrated into a microchip rapid PCR intsrument.
Rather than concentrating on PCR products w ith fluorescent markers, Edelstein et al at the Naval
Research Laboratory are working on a briefcase sized device that uses DNA hybridization, magnetic
microbeads, and giant magnetoresistive (GM R) sensors. The development o f the Bead ARray Counter
(BARC) was reliant on the advances in magnetoresistive m aterials. They are ususally thin-film m etal
multilayers which will change resistance when exposed to a magnetic field. A current is passed through a
piece o f GM R m aterial and if there is a local magnetic field the resistance o f the m aterial will change
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(Edelstein et al, 2000). This will allow the detection o f magnetic microbeads that have bound to sample
DNA on a sensor chip.

The sensor arrays were

created by coating a silicon chip with a thin layer
o f gold and then binding thiolated DNA oligomers
using gold-thiol chemistry (Edelstein et el, 2000).
Single-stranded DNA probe oligomers for several
biological warfare agents were obtained from the
Medical Naval Research Institute and patterned on
the sensor surface. Sample DNA is labeled with
biotin during PCR, and the prepared array surface
is submerged in the sample solution. The surface is washed with a buffer solution and then magnetic
beads coated with streptavidin were allowed to settle onto the surface (Edelstein et al, 2000).

If a

particular pathogen is present, the DNA will bind with the specific complementary probe.

The

streptavidin on the magnetic beads will bind with the biotin on the bound DNA. Non-specifically bound
beads were then removed with a permanent magnet. Then the BARC GMR sensor is used to detect the
presence o f magnetic beads by measuring a change in resistance (Edelstein et al, 2000). The detection o f
a positive result too about 5 minutes. The above is an illustration o f the magnetic sensor (Aston, 2001).
While the microfabricated prototype sensor chip consisted o f 64 magnetic sensors and was limited in
number o f analytes it could test, Edelstein et al were investigating the development o f a chip that could
test for up to 1000 analytes.
Another option for a rapid, sensitive detector that was also simple and required very few reagents
was the development o f an optical biosensor for live bacteria. Chuang et al based their sensor on the fact
that some nucleic acid stains have a large increase in fluorescence quantum yields when complexed with
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either DNA or RNA. Their approach for a sensor though was only semi-selective, meaning that it would 1* * /
distinguish between bacteria and viruses, bacteria and fungi, or even between live and dead bacteria. The
nucleic acid fluorescent dye SYTO 13 was used to stain the bacterial samples. This particular dye was
chosen for several factors: resistance to photobleaching, wide spectral separation betw een excitation and
emission profiles, rapid cell staining, visible wavelength, high quantum yield after DNA o r RNA
complexing, no inherent fluorescence, and a high specificity to nucleic acids (Chuang et al, 2001). The
bacterial sample, once stained, was pipetted onto the distal ends o f optical fibers. The fibers were used to
carry the fluorescent signal to a monochromator, and data acquisition was done w ith SpectraSense
software. The main advantages to this device are that it requires very little sample preparation and only
the SYTO 13 dye, the sensors are simple to prepare and disposable, and it can detect both airborne and
aqueous bacterial samples. However, because it is only semiselective, Chuang et al recommend that it be
used as a screening device when the biological agent is not known in advance.

The sensors can

distinguish bacteria from endospores, toxins, viruses, and nonbiological materials and will help to reduce
the cost and usage o f reagents needed for immunoassays or DNA probes.
Another group o f researchers at Echo Technologies w orked on a similar optical biosensor using a
SYTOX Green nucleic acid stain. This stain has a higher quantum yield and m ore affinity for nucleic
acids than other live cell stains ( Chang, 2001). SYTOX G reen though, is considered to be a dead cell
stain and won’t cross uncompromised cell membranes. They attem pted to overcome this problem by
using a fourth generation hydroxy-terminated polyamidoamine (PAMAM) dendrimer. A dendrimer is a
’’monodisperse, hyperbranched polymer possessing a very high concentration o f surface functional
groups”, and was evaluated in this instance for carrying the SYTOX Green across a live cell membrane
(Chang, 2001). Sensing films w ere prepared by depositing a thin film o f a dendrimer and SYTOX Green
solution onto a plastic cover slip and air dried. Chang et al used live Pseudomonas aeruginosa to test
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the dried films. They found that the fluorescence increased 350% when PAMAM was present compared
to the control w ithout PAMAM. A reflection probe consisting o f one collection optic fiber surrounded
by six illumination fibers was used to excite the sample. The fiber optic spectrom eter was connected to a
PC for data acquisition and interpretation.

Because the sensor cards were found to be effective,

inexpensive, and disposable, the research team is continuing to develop a handheld instrument using a
miniature optical spectrom eter (Chang, 2001).

Antibody Based M ethods:
Antibody based methods are so far the only technologies that are able to detect toxins, which have
no DNA, as well as viruses and bacteria (Iqbal et al, 2000).

Antibodies are proteins produced by

mammals immune systems in response to antigen exposure and almost any chemical that causes an
immune response can be an antigen. The simplest type o f test involves fixing antibodies to a cellulose
strip w ith a plastic backing. W hen the sample is applied, a positive reaction is signified by tw o colored
lines and a negative reaction will cause one line to appear (Aston, 2001).

This type o f strip is

manufactured by a company called Tetracore and is currently the only commercially available system o f
biothreat detection.

Other methods o f detection involve piezoelectric devices, fluorescently labeling

antibodies, devices using surface plasmon resonance to detect a antigen/antibody pair, and a surface
acoustic wave biosensor.
The University o f Cambridge is testing a device that can "hear" a viral presence in a blood
sample. A very small sliver o f quartz is coated w ith antibodies and then exposed to the sample. An
electric current is then passed through the crystal and the frequency is increased until the crystal begins to
oscillate (Behar, 2002). Eventually the virus and antibody will break apart causing the quartz to change
vibrations. This change can be translated into detectable electric signals. The researchers at Cambridge
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are developing this device into a small portable device with many crystals coated w ith targeted antibodies
for viral and bacterial detection.
A group o f researchers at the Chemical and Biological Defense Group o f Veridian Engineering is
working w ith two techniques for biological threat detection:

fluoro-chemiluminescence and electro

chemiluminescence. B oth techniques utilize magnetic microspheres to provide a larger surface area for
antibody adhesion and greater contact between the antibodies and antigens (Yu et al, 2000). These
factors help to increase sensitivity and reaction rates and decrease the total assay time. The magnetic
microspheres also allow contaminants to be washed away w ithout losing much o f the antigen.

The

fluoro-chemiluminescence technique involves labeling a reporter antibody w ith alkaline phosphatase and
adding it to magnetic microspheres that have already formed an antibody-antigen complex (if the sample
contained the antigen). A fter the reporter has formed a "sandwich" w ith the complexes a non-fluorescent
substrate is added to the solution. If the alkaline phosphatase is present the substrate is converted to
2'-[2-benzthiazoyl]-6'-hydroxy-benzthiazole (BBT) which fluoresces at 550 nanometers. The reaction
will also produce a visible luminescence that is proportional to the amount o f antigen present in the
sample (Yu et al, 2000). The electro-chemiluminescence technique involves a redox reaction triggered by
an electric current. Antibodies are labeled with ruthenium (Il)-trisbipyridyl and also form a "sandwich"
complex w ith antibody-antigen coated magnetic microspheres. The microspheres are then drawn onto
the surface o f an anode electrode and tripropylamine is added.

The tripropylamine and ruthenium

undergo a reaction and ruthenium becomes excited and emits a photon at 620 nanometers. The photons
are electronically detected for a signal readout. According to Yu et al, the fluoro-chemiluminescence has
a high throughput and is suitable for field testing. It was also evaluated for testing o f blood samples and
it was determined that the blood components caused very little interference w ith detection o f antigens due
to the efficiency o f the magnetic microspheres at holding the antigens during washing. The electro
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chemiluminescence was better suited for rapid and sensitive detection o f bacteria, viruses, and toxins (Yu
et al, 2000).
Perkins and Squirrel are working on a device that will improve the sensitivity o f surface plasmon
resonance detectors by combining them with light
scattering.

The team adapted a conventional surface

plasma resonance (SPR) device by adding a second
detector and an extra light source (figure to the right,
Perkins and Squirrell, 2000). The light beam produced
source for llgtif
scattering

for the SPR was wedge shaped to allow monitoring o f
up to ten spots on the sensor surface (figure below right,
Perkins and Squirrell, 2000).
analyte capacity.

Each spot had different antigens or capture agents to provide a multi

The sensors used were gold-coated discs that were optimized at 633 nanometers.

Standard coupling chemistry was used to attach antibodies to the surface o f the sensor. The bacterium
used for the testing was Bacillus subtilis spores.

The spores were pumped across the gold surface with

the secondary light source and the SPR active and images were recorded and collected on a PC. The
spores were visible as points o f light moving slowly across the sensor surface and would be seen to
suddenly stop as they were captured by the antibodies
on the sensor (Perkins and Squirrel, 2000). The first

48 nm gold coated
surface

HemlPCdsmdrical

positive signals from the spores required twenty
minutes to detect but for the frill effect the test was
continued for an hour.

L|9htsource

D e te c to r

A prototype device was

developed but Perkins and Squirrel are addressing several areas o f improvement in order to provide an
instrument that could detect low levels o f microorganisms and toxins rapidly.
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Howe and Harding in Australia adapted a surface acoustic wave device to detect microrganisms
as rapidly as possible w ith a minimum amount o f reagents. The device developed used a Love-wave
sensor which is reusable and can operate w ith both liquid and gaseous samples (Howe and Harding,
2000). The device consists o f quartz substrates that are electrically stimulated w ith electrodes which
produce the acoustic wave. The sensitivity o f the device was increased by coating the crystal w ith silicon
dioxide which also had the added benefits o f electrical insulation and facilitating the adherence o f the
bacteria in a sample. The device also has tw o channels on the surface, one is used as a sensor and the
other is a control. As the bacteria and antibodies are deposited on the sensor channel the frequency o f the
acoustic wave energy changes, and the difference in frequency between the sensor and reference channels
is recorded and analyzed by PC software for a positive result (Howe and Harding, 2000). The first tests
were conducted using the conventional method o f coating antibodies onto the sensor surface and
capturing the antigen from the sample. This was found to low er sensitivity greatly, possibly because the
bacteria w ere pulling the antibodies o ff the sensor. Howe and Harding then adhered the bacteria from the
sample first and applied the antibodies after. The difference in technique produced a large change in
frequency on the sensor channel. It was proposed that a number o f antibodies bound to the bacteria
already adhered on the sensor surface producing a larger mass loading and a greater frequency change
(Howe and Harding, 2000). The applications for this particular technique differ with the requirem ents for
speed. To be most rapid, the samples would need to be relatively clean and have large numbers o f
organisms. In order to detect a range o f organisms at lower concentrations, the speed o f detection would
be longer and some other reagents would be needed.

Cell and Tissue Based M ethods:
B oth DNA and antibody based m ethods require a prior knowledge o f the agent being tested for.
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One o f the main funders o f biological threat detection research and development, the U.S. Defense
Advanced Research Agency is developing types o f detection that need no prior knowledge (Aston,
2001). This would be accomplished using cell or tissue based biosensors.

The basic principle o f this

technique is based on the cell/tissue response when exposed to a toxin or microorganism. The cell can
produce proteins, change size, or change its metabolism (Talbot, 2001). Besides whole plant or animal
cells, enzymes, receptors, organelles, and organic molecules have also been used in biosensors. These
reactions can be measured electronically, optically, acoustically, and electrochemically. The cell o r tissue
based sensor technology is still far from being available in the field mainly due to the feet that it is difficult
to keep the cells nourished and alive for any length o f time in the field.
A sensor being developed by the M assachusetts Institute o f Technology Lincoln Laboratory uses
living B cells from the immune system for detection.

The B cells have antibody receptors on their

surfaces that are specific for many different pathogens and when an antigen is bound specific genes in the
cell calcium levels change (Casagrande, 2002).

The genes o f the B cells used in this device are

genetically altered w ith a gene from a jellyfish that cause the cell to produce a fluorescent protein when
the calcium levels are altered. The device, called The Canary, can run through this process in as little as
15 seconds (Aston, 2001).
A group o f researchers at Stanford University in conjunction w ith NASA Ames Research Center
are specifically working on the field portability using a cell based technique. They developed a tw o part
system consisting o f a cell-transport case to maintain the viability o f the cells and a data acquisition
system to amplify and filter the action potentials and analyze the data (Gilchrist et al, 2001). The sensor
consisted o f 36 m icroelectrodes made from gold, platinum, or iridium fabricated on a substrate o f glass or
silicon. Biocompatible epoxy was used to attach a small polystyrene petri dish to the m icroelectrodes to
form a cell culture chamber (figure on page 14,Gilchrist et al, 2001). The unit was provided w ith the
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means to control CO 2 levels and to regulate the
tem perature; both are requirements for maintaining
cell viability. The unit was also placed in a case with
surrounding foam to act as an insulator and also to
protect against excessive mechanical

vibration.

COlCstMc*

M ouse atrial myocytes were used because they can
maintain spontaneous electrical activity after being serially passaged (Gilchrist et al, 2001). The cells are
plated onto the m icroelectrode arrays using an adhesion promoting solution containing fibronectin. This
allows measurement o f changes in the action potentials o f the cells after being exposed to a bioagent.
Since the focus o f this research was more on field portability than on the actual cell response, several
methods o f transport were used to test it's durability. In the first, the tw o units o f the system w ere loaded
into an automobile for transport to an airport. Then the system was loaded into a pressurized plane cabin
for a flight duration o f 2 hours. Finally, the system was driven to a field test site w ith off-road conditions
in a desert (Gilchrist et al, 2001). The cells were examined for damage and w ere found to still have
spontaneous electrical activity and w ere still proliferating in the chamber. They were checked again after
12 hours and were still viable at that time. The data acquisition system was tested by adding the calcium
channel blocker nifedipine to the cells and obtaining dose-response measurements. Nifedipine has the
effect o f causing a decline in amplitude and beat rate that is reproducible in the laboratory (Gilchrist et al,
2001). The data system acquired action potential signals that were as small as 100 uV peak-to-peak.
Gilchrist et al determined that further w ork was necessary to reduce mechanical stress on the cells and are
working on a more robust cell cartridge. Small refinements are also being made to the data acquisition
system to reduce sensor misreads.

W ith these small adjustments they do expect this instrument to

become a practical biosensor for field testing.
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An Oak Ridge National Laboratory group is working on a tissue-based device for detection o f
toxins at a distance. Their technique is based on the photosynthetic conversion o f electrom agnetic energy
into chemical energy that is triggered by chlorophyll molecules absorption o f light (Sanders et al, 2001).
A small portion o f the energy absorbed is emitted from photosynthesis II as fluorescence. The timing o f
the fluorescence is indicative o f an organism's ability to perform photosynthesis and is related to the well
being o f the organism (Sanders et al, 2001). Cklorella vulgaris, a unicellular green alga, and Nostoc

commune, and cyanobacteria, w ere immobilized onto glass fiber filter discs. These particular organisms
were chosen for their ability to use atmospheric CO 2 for a carbon source and their resistance to
dehydration stresses.

The organisms on the fiber filter are exposed to the toxins with fluorescence

curves being taken before and after the exposure (Sanders et al, 2001). Fluorescence yields were noted
to decrease by 27% after an 18 minute exposure to airborne toxins. Each biosensor is for a single
application only because the effects o f the toxins o f the organisms are permanent. The fluorescence
curves are good indicators o f environmental toxins and the sensors developed are rapid, sensitive, and
fairly rugged.

Sanders et al are continuing the development o f the device and hoping to add

telecommunication data transmission to provide the ability o f launching or dropping the biosensor and
remotely receiving data on site conditions.
A number o f research groups are developing devices w ith microbes as the sensing elements.
M icrobes are especially useful for a number o f reasons: they can metabolize many chemical compounds,
they are adaptable to different conditions, they can be modified through recombinant DNA technology,
and they are a source o f intracellular enzymes (D 'Souza, 2001). Whole microbes have been used either
live or dead. Live cells can be m onitored by the end products that they produce after metabolizing
various organics. End products such as ammonia, carbon dioxide, and acids can be easily detected and
measured. The diffusion o f compounds through the cell wall can make this a lengthy process but the cell
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was can be permeabilized by freezing and thawing o r by chemical or enzymatic means (D'Souza, 2001).
Permeabilization o f the cell wall will also empty it o f small molecular weight cofactors helping to reduce
unwanted side reactions that can lower specificity.

The functions o f certain cellular organelles has

prom pted their use for development o f biosensors.

The electrons generated by chloroplasts during

photosynthesis can be picked up by an electrode and measured. Certain toxins can inhibit this electron
producing reaction and the difference would indicate a positive test (D'Souza, 2001). Many different
species o f microbes exist and selection o f the appropriate species for the detection o f a particular agent is
an important part o f sensor development, in some cases a culture o f mixed species has been tested. M ost
microbial biosensors are still in the concept stage or are progressing to field testing under realistic
conditions but the possibilities for rapid, sensitive detection o f a wide variety o f analytes are enormous.
G ertrud Puu, a researcher at the Defense Research Establishment is Sweden, is developing a
sensor coated w ith a lipid film for the detection o f protein toxins such as those from cholera and
diptheria. The technique is based on the fact that cellular communication occurs over cell membranes
that consist o f a lipid bilayer w ith many lipid molecules and also membrane proteins (Puu, 2001). The
lipids have receptors for circulating molecules which can be protein toxins produced by pathogens.
Previous sensor attem pts have used liposomes and black lipid membranes, but the membrane-like lipids
deposited on a solid support have several advantages. They are more stable and have a larger surface
area for better binding o f the toxins and are easier to regenerate after exposure. An optical biosensor for
direct measurement o f binding events was used to collect data and final analysis was made w ith a special
software package (Puu, 2001). The outerm ost portion o f the sensor is a dieelectric resonant layer with a
high refractive index. Below this is a low index coupling layer and the angle o f the incident light ray
through the sensor is critical. As the protein toxins bind to the sensor surface, the molecules have a lower
refractive index which changes the resonance angle. This shift can be measured and analyzed to produce
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a positive result. The sensor surfaces tested allowed for eight different mixtures o f lipids to be applied.
The different mixtures targeted different toxins and provided testing for multiple analytes during one run
(Puu, 2001). The lipid membranes w ere also tested for durability and ruggedness. They w ere used
repeatedly for the binding studies for up to four months, exposed to the different toxins and reagents, and
could be stored for long periods under the proper conditions. G ertrud Puu is continuing the research on
the lipid layer sensor approach, with further investigation in tailor made lipid mixtures and different pH
levels for the binding o f particular toxins.

Conclusion:
Dozens o f research groups are investigating methods to detect bacteria, viruses, and toxins that
can be used as biological weapons. The importance o f having a device that can provide results quickly,
with sensitivity, and is portable and rugged enough to be used in the field has been underscored by recent
events in the United States. M uch o f the research reviewed above shows promise and w ith the increase
in attention to the issue possibly followed by increased funding, some o f these prototypes will be
developed into efficient and commercially available detection systems.
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